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1.0 


SUMMARY 


This document is the final report on the tasks performed under 
contract (NAS2-9026 Modification 3) to the National Aeronautics and Space 
Administration - Ames Research Center (NAS A- ARC) . In accordance with tne 
contract, a tube/fin concept liquid cooling garment (LCG) head cooler was 
developed, fabricated and delivered to NASA- ARC . The head cooler was fab- 
ricated from polyurethane film which sandwiches the transport fluid tubing 
and a thermally conductive fin material. The head cooler garment is sewn 
to form a skull cap and covered with a comfort liner. In addition, two 
Neonate heating garments were fabricated and supplied to NASA for further 
finishing and use in medical tests. 

The resulting garment is flexible, elastic and conforms to the 
head comfortably. Tests on a tube/ fin element of identical construction 
as the head cooler demonstrated good thermal effectiveness. Use of com- 
mercially available materials and development of relatively simple fabri- 
cation techniques give the potential for a low garment cost. 
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2.0 


INTRODUCTION 


Program tasks under Modification 3 to the Advanced Liquid 
Cocling Garment (LCG) contract involve five specific areas outlined 
as follows: 

1. Advanced Materials Summary 

2. Tube /Fin Layup Thermal Analysis 

3. Head Cooler Fabrication 

U . Thermal Comparison Testing 

5. Production Cost Analysis of Tube/Fin Garments 
In the materials survey, a combination of layup components 
was id ntified for use in the fabrication task. Refinements to the 
previous work on layup thermal analysis were made. Three LCG concepts 
(Flexitherm, Shuttle, and Tube/Fin) were evaluated by a thermal compari- 
son test. To determine tube/fir. garment costs, an analysis was performed 
to identify the fabrication steps and associated labor requirements in 
hours. These were combined with material costs to arrive at a garment 
cost. 

Appendices are included which provide detail data on the fab- 
rication development, production cost analyses, and the thermal compari- 
son test . 
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3.0 


TASK RESULTS 


3.1 Advanced Materials Survey 

Previous work investigated a number of materials suitable for 
tube/fin LCG fabrication. Under the present task, attention was narrowed 
to the most promising materials which are listed in Table 1. B. F. 
Goodrich makes both the TF322 and TF410 with the difference being TF322 
is a polyester-based polyurethane and TFUlO is a polyether-based poly- 
urethane. The TF410 is more elastic than the TF322 for the same film 
thickness. TFUlO film in the 1-1/2 mil thickness was selected for the 
head cooler although it is not always in stock due to light demand for 
this thickness. Special runs of a particular film thickness are always 
possible if the schedule demands, but are more expensive due to special 
set-up charges. Latex sheeting with Viton L-31 adhesive dipersion was 
attempted in a layup but the bond between layup components was extremely 
poor. Other adhesives were not pursued due to scope restrictions; how- 
ever, if Latex were to be evaluated in the future it is recommended that 
additional adhesives be evaluated. 

Both Rordbak adhesive resin systems were acceptable from a 
bonding strength standpoint but the 50-93 resin system was selected for 
its superior elasticity in the cured state. The 50-93 resin system is 
black when mixed and gives the layup the grayish color. 

The metal mesh is listed for reference and no promising elas- 
tic thermal conductor candidates were idertified in addition to those 
in prior work. It was supplied by Exmet Corporation. 

3.2 Tube/Fin Layup Thermal Analysis 

Fin effectiveness models for the garment layup with two layers 
of expanded metal mesh are shown in Figure 1. One method assumes the 
open metal mesh is an equivalent solid metal film of reduced thickness. 

A second method analyzes the fin with independent metal strands of in- 
creased length due to open mesh zig-zag characteristic and is the more 
accurate of the two. Both methods neglect metal conduction parallel to 
the tubing (i.e., one dimensional fin conduction). Polyurethane film 
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- metal thickness if redistributed 
to 1 farm &n equivalent continuous 
sheet 


conductance is also neglected since the film conductivity is 0.03% 
of that of the metal conductivity. All heat transfer is assumed to 
he from the contact interface with the warm surface. 

Figure 2 shows the results of calculations using the two 
different fin effectiveness models discussed above. This graph also 
shews the effect of one and two layers of expanded silver mesh on fin 
effectiveness and presents the performance of the polyurethane film/ 
glue composite, alone, for reference. All the garments made have two 
layers of silver mesh in the layup. 

The polyurethane tubing represents a significant resistance 
to the layup heat transfer and Figure 3 is included showing two sizes 
of tubing and the effect of tube wall thickness on delta temperature. 

The test data range of heat transfer for the tube/fin test article is 
overlayed on the graph and shows predicted tube wall AT’ 8 in the 10°F 
- 20°F range. Since the heat transfer from the fluid through the tube 
wall is proportional to the temperature difference between the fluid 
and the surface being cooled, high flowrates and low inlet temperatures 
give the largest heat transfer per unit tube length and the largest AT. 

From Figures 2 and 3 it is seen that thermal performance will 
be improved by spacing tubes closer, which increases fin effectiveness 
and reduces tube wall AT (by reducing Q/L per tube). The best spacing 
is a compromise between performance and practical factors, such as 
flexibility. A spacing of about 1 inch was selected for the metal mesh 
tube/fin LCG. 

3.3 Head Cooler Fabrication 

Nine patterned head garments, two Neonate garments, and a 
test article were fabricated as detailed in Table Figure 1* lists the 
main step3. The Figure 5 garment flat pattern shows the approximate 
routing of the transport fluid tubing and the areas where metal mesh is 
used. Arrows on this chart indicate the direction of greatest elasticity 
of the metal mesb. Figure 6 shows the layup. 
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FIGURE *» 




10 



7 VS/A/O 


figure 6 

HEAD COOLER LAYUP 

(ceoss - section) 
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Fabrication of head coolers by the tube/fin method results 
in garments vhich are elastic, conform to the head, and are durable 
as summarized In Figure 7. Tests on similarly constructed test elements 
demonstrated the head coolers effectiveness. (See Section 3.1*). 

Appendix A contains laboratory notes which detail the fabri- 
cation effort. 

3.1* Thermal Comparison Test 

A thermal comparison test was conducted on Flexitherm, Shuttle 
LCG, and tube/ fin test articles as indicated in Figure 8. NASA supplied 
the Flexitherm test article but the Shuttle LCG test article was made by 
Vought. Thermal effectiveness is related to the flow path spacing be- 
cause the transport fluid is brought into closer contact with more of the 
heated surface as the tube spacing is reduced. 

Heat absorption data for the three test articles are presented 
in this section and further test description and data can be found in 
Appe idix C. Referring to Figure 9» the plot of heat absorption rate for 
the Flexitherm test article, general trends can be identified vhich apply 
to A.n the test articles. As the inlet temperature increases, the AT 
between the fluid and plate decreases and the potential for heat transfer 
is reduced. Lowering the plate temperature has the same effect since the 
fluid-t o-plate AT is reduced. Increasing the total transport flow through 
the test articles effectively lowers the average fluid temperature which 
increases the fluid-to-plate AT and increases the heat transfer. 

The Flexitherm test article had the highest heat absorption rate 
due to the small tube spacing (.2 inch) and thin tube wall ( .010 inch). 

The representative Shuttle LCG test article has a slightly wider tube 
spacing ( .32 inch) and a considerably thicker and more rigid tube wall 

(.031 inch) and both factors work to give a heat absorption rate lower than 
was obtained with the Flexitherm «est article, as shown in Figure 10. 

As shown in Figure 11, the tube/fin LCG test article exhibits 
all the trends discussed above but the data has more scatter, unexplain- 
ably, for the higher plate temperature. It had the lowest heat absorption 
rate. Tube spacing ( .9 inch) is four and one-half times greater than 
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FABRICATION RESULTS 
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the Plexitherm sample. The combination of tube wall thickness (.016 inch) 
and film thickness (0.0015 inch) give an effective thickness intermediate 
between the Plexitherm and the thick wall Shuttle LOG tubing. Because of 
the presence of the metal mesh the tube/ fin LCG had the greatest rigidity 
in the tube area and the least tube contact (due both to its rigidity and 
the localized bumps in the areas of the metal strands). 

Future tests should be performed with a test device having a 
more compliant surface than the heated aluminum sheet used in the present 
work. Heat transfer contact area with the aluminum sheet is highly de- 
pendent on the softness of the transport tubing layup, as opposed to the 
actual end use against the human body which would be much more compliant. 
Present results appear to be consistently biased in favor of the softer 
layups. 

3.5 Production Cost Analy sis 

This section contains results of a production cost analysis, 
both manhours and materials, for fabricating six units each of three 
different garments, as summarized in Figure 12. Although the head cooler 
can be made in eight (8) hours of work, the actual fabrication must take 
place over two days because the sprayed adhesive must have time to outgas. 
All cost values were arrived at assuming current methods and procedures. 

The material costs do not include the expense of minimum buy requirements. 
Minimum buy requirements have the greatest impact on the "head cooler only" 
adding approximately $800 to the materials cost for the six garments. 
Similarly, the head/vest cooler material costs are increased $300 for six 
garments. The full body /head cooler uses sufficient material that minimum 
buy requirements are not a factor. 

Details of the production cost analysis are presented in Appendix 
B. Not included in the production costs are development costs for the 
head/vest cooler and full body /head cooler required to bring these cooler 
garments to the Bame point of development as the head cooler of which 
numerous garment s have been fabricated. 
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PRODUCTION COST ANALYSIS SUMMARY 
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U.O STATE-OF-THE-ART FOR TUBE/FIN GARMENTS 

The work performed under this program shows that a tube/fin 
garment can be fabricated from commercially available materials. The 
garment is flexible and elastic and conforms to the head. Garment 
layup can be made as a flat pattern which greatly simplifies fabrica- 
tion. Stitching the garment seams provides a simple method of closing 
the garment without elaborate tooling. 

5.0 RECOMMENDATION FOR FUTURE WORK 

Figure 13 gives areas where further work is recommended. 
Additional tube/fin test elements could be made to optimize tube spacing. 
Better head cooler patterning is recommended to improve garment compati- 
bility with communication headsets, face masks, etc. The tube/fin LCG 
concept has been significantly advanced under the reported work and fab- 
rication of garments for other areas (upper torso) of the human body are 
recommended. Some areas of fabrication could be made easier if more 
sophisticated tooling were available. It is recosmended that the fabrica- 
tion procedure be reviewed for areas where tooling would speed fabrication 
and improve the end product. 


21 



FIGURE 13 

RECOMMENDATION FOR FUTURE WORK 
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THE VlTOW L*Sl LATEX USPEF.SIOM HAL LMfMU UNtECoLVC J 
latex particles which clocked the ’’.set p * v * ksozzle. 

X STFAlWfcO THE PARTICLES OUT AND SPRAYED THE 
REVAfMWlNki LlQOlO. 


Results: 

V/ITOW L-31 ^ID NOT At>HER WELL TO THE LATEX SHLtT. 
THE L-3 I SPLIT DURING CURE AND PEELS EASILY F<?on a the. 
LATEX SHEET. 


ANALYSIS ; 

LATEX CONTAINS A E>lNt>ER. (PtwJOEp-') \MVA\CH CAW NOt o£ 
(&I/19UED AMD EFFECTIVELY P£El/c.NTS EoWDlNG. 
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MsnOAvY ,/ 3/ / 77 

TT4JO / 5 0-<?j MATLS COMPwnsvuTW CHECK. 
Mix MoRuBAk 5o-9i cftoxY ftLK) 


By weight — 

IO <|m 

*•** §♦" HARDEN©* 


bY Volume — 
i ^ART %s,w 
• PART HAR06I06R. 
I Part tolu£»bg. 


20 

20 


— 0*MT Ml RE PeG THIS EL£M£i^T 

DeeneAse. tf4io film to&i#^ with touoewe 


SPRAY FTLM VAMTH 6.POXY 

OOT?AA°^1 ? ^ ^ £POXY UL01_£UT , LET COMFBMEUTS 
■a 1 Fo« 2. MOOR'S BePoBE VACUUM &AG*2lM<s. 


V^fpare. Vacuum ba<s — 


LAvup Composition 

' TF4IO Fyi_M 

° 0 0 o MPl*So -rufe.KJG, 

TT4IO m_M 


£OR(L * 4S vvun. At 2So*F 


RE&ults : & 00 D peat. sT/eetJGTH 

Good eLHSTiciTY (vo wee mssh) 
Film , s */&kjkl£0 at rne 130 • sews 


* 20 ml /s &r*H*st gr»J<jat,on on ptusttC beaker 


A-5 
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K/EDfiJESDAY 2/9/77 


?A&e / OF 2 . 


/ MlADE 2 TEST ELEMIENTS USttJGj £ MIL TF 4 JO PlLM) 
WITH MORD&AK £5-95 4Z>/£3/Vl5. 


/ /J 


o o O o 


TF 4 IO 

3 A)5 

H4F~t68o 

3 AyS-Zfo 

rr 4 *o 

COrfPOXT 

Lf*j&a 


/ & 


c> O O o 


Ab** 


Z. TRIED 7-0 SPRAY £ 5-95 VJtTAOOT DiLUEPT . ADPEStVE 

is too y/scods to &£. pucued up rue feeder. 
TUBE OF JET-FAK. SPRAYED OKAY H/ITH TOLUENE 
ADDS.D 

YJ£*4EStV€ Af/X : /Z.S 6** RCS/P 

/ 2 .S OtA pAGD 6 .tJa.g, 

/ o.o mu toluepe 


S>. 7 D facilitate layup procedure, x taped tp a 

FILM -TO SLKSA/TLY UUDSRS'ZED PlECCS OF CARD- 
BOARD BEFORE 1 CL6A*J€D (DECREASED) THE F/lM 
WITH SO % TR«Z /ZoYo MeiPAfiJOL SOLUTlOU. TPE 
CFPDBoARO kVAS g£lYlo\s£D PRIOR To BAGQ/N6. 


P»G& 2 or z. 


this procedure , although time cohsum/hc, /^j 

EARLY" STAGES, ELIMINATES MUCH OF THE 
FRUSTRATION OF FbS! T I OK} /NO THE FILM AFTER 

adhesive was applied . one Negative aspect 
of Polling the film behind the cardboard 
/S THAT THE EDGES of the Film Do Not get 
coated w/th adhesive. 


Results • generally not good 
Poor peel strength 


Comments — 

AFTER ATTEMPTING to spray the 2£-98* 
WITHOUT A DILUENT, TOLUENE WAS ADDED 
BUT EY/DENTLY DID NOT GET MIXED NELL 
WITH THE ALREADY MIXED (2 PART ) EPoXY. 

ia/hbu the mixture was sprayed tt was 

MOSTLY D/LUENT. 
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FRIDAY Z////~17 


PAC£ I e>F Z. 


/. /s 7AF£ YAFlATIOtU OF GLEM&UT *3 

~TF4-iO 2 MM- 

3 Tkj 5 - 2/o 

o o o o M) P —1880 
TF4IO 2 Mil 


use fUoRDbAK 5o-93 Adhesive 

BY VOL UME : S ml Rest A 

5 ml HV\eO€fJ6B 
/o ml tolueAe 

2, THe M&e MESA {3 4j5-2/o) HAS STRETCHED /aJ 
THE LWD D/RECT/oM (V/-HCH SEDUCED THE S\ajD. 

As/E&AGe swD = .os" 


FeSOLTS^ GOOD PEEL STFSOGT+i 
Good elasticity 

Cuee cycle ivas 2X tag recdm/yigmded 

LE/UchThf 3UT did HOT REDUCE THE 

elasticity appreciably 



F&Gg z op 'z. 


2 /n/~n 


Attach the polyol thane film to cardboard 

WITH CELLOPHANE TAPS. 


cardboard Holds film flat <& smooth doRi/oc, 
ESO&GASiW&j ADH&S/t/S. SPRAY/HGt AAJL> £L€MEHT 
p0S/TtoA)/H<S. 
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FRIDAY 18 FG& ll 


UEAD COOLER — 

FLAT PATTERN) 



l 51 krreMPT WILL BE. W\TH • K wi TF522 

• KWbak 50-95 

• kk> \UiR 6 . MESH 

• MP- 1%%0 TUBING 

Tafci^Gi <»\LL BE TWeftMoFofeMED Td FAO,IL.\TATE TaB«.«cat »>»J 

THE Ava\ \NVfcE. Mi6S>*4 \WtLL fe& ounTED To OoUSERVe ?CftRC6 
Mfcrr€ft.»A.l-« 

1— ATTEMPT \AJu_L lRoN> T(4C &UGS out sv th? F&?>. 
Vuocesr, 
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TUESDAY Z 2 . FEB 11 


LAfc ORATORY vUoRK 

LMO OOT THE StRPEUTf^e fCfcE PATTERN FOR. THE HEAD COOLER. 
TUfoE LENGTH -3 ft. 

TWE-RMOFORMED TUBIKK3 @ Z50*F FoR 90 MtU* 

(CONSlDeCABCE '^HRlUKAGe') 

MOOWTEfc THE. VWVURETHANE FILM <JP3Z* - OtJ 

dAR.OfcoARC> Patterns, roc cleau i >^<3> amd adhesive. application. 

- C.LEA»m<& DOOE WITH TOU>BME - 


A-ll 



THOKCDAY 2.4 FE& 1977 


THERMO FORMED TObiNG FoR 9o @ 25o°F 

TVMS is A SecoioD ATTEMPT — TRy/iOG To overcome 
THE SHRINKAGE. 

SU£C E So - ibETTCR TH At - 1 EARutR- ATTEMPT 
To $'^<3 T>oE 3 NioT MAINTAIN Tug oKi<ciH)AL FoffM LP.iO OOT 

TUto'^G LENGTH, = \\ -*T 


Mixed NQfc’fr&AK 5Q-73» W 


20 

•yNC 

RESU4 

20 

-^SL 

Hardener 

lo 

”VvvJL 

ToUJeNE (.DlLUEwr^ 

THI^> (so 

WAS 

E>AP-ELY e>iov)Q,H To S?RAY ALL TUS 


FILM SECTIONS. 

-MIX LARGER QOA^T nv OF EPOKY IN THE FUTURE OR INCREASE 

OtLOEKJT QUANTITY" 


* lap&ep Quantity' not Necessary - application was 
excgsss i/£ - /eeDUce, application th/c/ynss^ and 

- , 3 o> /Wl IA//LL COVG& THE PlLNi AZSA. 
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FRIDAY 25 Fee, 19-77 


L£ITH An)D I FAfcgicATeD rteAO cooler flat WrrefcM 

£ LfH£^T 


SOME IMPCO'J£M6,OT^/^MAM<S ) e5 w)gfi£ IKA MgQl ATet_Y 

rDe*^*npieD. 

1. ReJUcoi. 'tta- *Hva'o1c luss of if* aAktVot ,£cu|«r sprUyeJl awiiU filvn 

2. l^o i/uot use, pol^etUe.^ e. ukUv Core Cycles <^f 2£o*F 

c?. Ve*\fc fUe dodr of "Hva^ v^cuow b<x<^ 

4. doAiidtr rv^a-ki ihu fili^v in single piece tnS-teci.^ of 

mcA w idtxcX ioM p>r^s 

5. £x.j?er \*v\evvf iaJi'VW K^-at ^coJo^va 


1. GooD ELAS7/C/TY 

2 . Good peel steea/eth 

3. TU&ftJG Ft. A T TEtJE D - PASSAGE CLOSED 

4. ADhfss/\/E 0 /j exTEK/oe — cam be cleaned 

5. SAEG//4G MAT'l S7UCY To ARTICLE 
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ToesD&Y l NAAR 1^1 


€*P 6 (L|«m&hJtING with HEAT 5 eAU^<a 

HEAT SEALING T«£ HEA'o cooler. seams was 

HAMPERED bv the EXCESS ADh£SiY6 WHICH CoAT£D 
THE SCAM AREA . 

CLEANED THE SEAM AfcEA vKth TOLUENE AhV TMeD 

A<bAiN. 


THE SECOND ATTEMPT At Heat •DEALING U\ET With GJPeAT eR- 
SlXLCESS ALTMOOGH THE S6AM\ STRENGTH AC-WVGVED 
WAS VAftVeD A^O MARCat^AL. no most AR€ AS . 

OPERATOR- Te<^VAH\QUe AND TH€ HE AT SEALirJ<b M^C.m(Oe 
WERE. less THftw Opfi M om . a T.MMU macv-ukjg. ka\ ht 
Permit Fou_oWitAca the scam ccoevATOfee. 

THE 4 LAYERS OF I.S m»i_ Film weRE easily OVER HEATED - 
CREATING A WEAK JOINT. THE FILM THICKNESS (uo. OF 
LAYERS) Wasn't UNIFORM ALONG THt SeAMLHOE which 
CREATED THE NEED FOR CokJTiMOAL SETTtNG CHANGE*. 


STARTING, vOlTH THE HEAT SEAL SEAMS, O-iVLET UAteKiAU 

CTF'izz) WAS GU)ED on THE CONVEX Side of the 
head Cooler, ose undiluted ^oRDSAK 25 -96 Adhesive 
APPLIED TO St ANA AREA WiTH A COTTON SWAB 

NoGDfcAK 25-36 ADHESIS /£ (LORES OVERNIGHT AT Room 
TEMPERATURE 

VACUUM BAG NOT SEALED A<b2>ouOTeuY BUT PolvEThleNE rs 

HOLDING MATERIAL TIGHT Fdft oYEPHiGHt Cl»R£ 


A-lU 


ORIGINAL PAGE IE 
OF POOR QUALITY 



WEDNESDAY 2 MAR, 1977 


&5MO\/6D H- EAD CooutR <2 sARM&NT FRoM MCVOM &^(S^SO 
HEAD mold. 

the $ussst material suippso 6or Ct £ tjee .* LL y <roi/£Re<r> 
Ttve seam /^esA. Wrinku/og op the Geyser a/ater»al 
was veiRy Bad. 

THE S6 AM STRENGTH WAS INCREASED ftY At>D/MG 
Trt6 GiUSSeT MATCH! AU. 


TVMS> TECHNIQUE \S WFIcULT To PERPoRM DOE TO ‘. 

1. Vac_uum e>A£ Difficult to ‘Seal 

2 . Gusset mm'l difficult to keep in po^ition^ 

3. Gusset MATT'l. wrinkles DURING bAGGiMG 



TttORoDAY 3 Mkd tq71 


MM<e A ^eco^O flat PATreuM head coolep. 

fc^E I ^ TF3>22 ni-W 

tJo/ZD&AfC 5 O - <3 3> ADhfe 3/ 

tio VOIRE MESH 

MP-l'fcfto TO&ifJG .Ol" X. 0. X Jofe O.D. 


MAK6 FAT pATTeCi^ As SINGLE ComP&w&^T. 


I^MOFoilM TOftiNiC) — 12- *£e<ct ieKVflj , tt> — 

A be02>AK- SO -33 V0LOME) 

l £> rnS- gSSJfiJ 
i o wJL hfAZDEhee 
lO mJO TOVefJe (cMoetot) 

;i to 

DAUfofoeD SPRAYED M)Hesi \JE M0rr.4 <!n*vwe. tissue: 
TO Rek/iol/e e.xc.6.ss Ao^Esivt: and create. more. 
l)N\^<LM 1-AYefc of kDA£SlV€7 (LOOKS GoolT) 

Tv-us IS SUFFICIENT ADHESlUt To COVER THE PATTERN 

A,W>C> VJIR£ MESH WHLA T+HE LATTtfl i^> OSED 
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FRIDAY 4- MAR 19*71 


FAbRicATtrv rteAb cooler- 

— USED MATLS LA6 OV&M - 

(SooD elasticity' a*^t> Peel. st^ngth foR garment 

TUE 5>1NX5LC COM F^/aT PATTER K* \aJoR<€D wtu_. 

T»4E ^eRPO-STI^E TUde < OtON f T FLATTED AS OCCURRED 
9R£\AoOSLY , HoVA»ei/t£ TMLPE IS Too AAV>C^ 
"TUfoliOG WHICH HAMPERS HEAT ’SEALING OF 5EAK^. 
OBSERVATION - 

MEED SMALLER , CURVED MEAT SekU^q, m^chiME . 

MEED TO REDUCE TW6 LENGTH C > F TO&I^G »iV CROwoM 

Aft€A 


RokiMtMG LOV^ OM TF322 SAMPLES 



Monday n mkr. \q~n 


flat tAT-retu) coxee. (* 3 } 

^•K)GL 6 CO^POKifeKiT 

?1 wuJl TF4IO Vvl_M 

H'J f 50 -Ti AT>MfcS|\)£ ^ 

no witRE. MESh 

HP- \8?o “TofcmG 
Se\/l5eP TofeiKkb ROOT i 

* IO “ vJ ' oF ADHESIVE WAS LEFT-OVER. FR 0 M 

ADHESIVE APPLICATION! or 5 MAR 1917. OScO IO ^v<L 
TOLOE^E To Dh_OT£ AMD SPRAYED ADHESIVE AS 
•JSOAL. noTlCtO IMM£S)W^TEL\ f^ESIVE VJAS MoRt 
TAOcv THAin) a FftESHk NAVXTORE.. TOLUENE SoAVcfcD 
kiMvoiPt osg.o to even our adhesw/6 . 


ADHtSu/E Qx>A"TEO Rum ALLOWED To STAND oVEft-HlQiHT 
To OUTCijAS ToLULnJE 


thermo FoRm^o eEv»seo to&e RootikJg -stu-L OSIMC-, 
APPRoK. I2_ FT TDbiMC> LEHCiTH. 


MOLEb DoRDt>A\< A DHESiOt AMD APPhed IT T^> 

HEAD Cooler To c.l oe Dowfcj Peat s.EAle.0 seam 

TAfeS. diluted') 

4 X J^~~ 

VACOOM bAC^<o&0 <2? ARMEMT OH HEAD Mold AMD COR.CD 
in oven At ^o°P Fo« 9o m»o — wh\cb was iMsoPFtoeMT 
To CDPE ADHESIVE. U^ED RofcfeE* BAnDS To hold seam^ 
ACoAltOST Mold DoR.|b<3> TVEC.nkbMT AMlbienT TE.MfEC.ATVf S' 

coee. 

^tYST Y RfcKlE S WAVE Lovn SERVICE TEMPER ATy£& lSO-l7o°F 

THEREFORE I KEPT CORE CYCLE 'fcELOtJ KloRMAL An)D ADHESIVE 
Dtb Mo T CORE OOT » ,0 



Toe'S DAY © MAR 1977 


Fabricate d head cooler v 3 

Adhesive ovj film curing <=>ot - tu&inIg ia/ill not 

■sup A&iOND E.AS1LY. TbSlTloNlNG MAT>g MoRe 
DIFFICULT. 

Single component Film Simplifies lav-up. 

film aj^d toeing cleaned vOith toluene 
USED ENGR. MAt'lS LAB> oVE-tO po£ THERMAL Q.OPE - 
250 °F Fop, 4 -S wV.n 


RESULTS : 

r--*?0o£ FeAL STRENGTH 

ELASTICITY OKAy (^RECALL 2> FlLM 05.60^ 

THIS MAY &t DUE To DILUTING PART1M.UY CURED 
ADHESIVE ORIGINALLY VWXEO 3 mm? 1977 . 


INSPECT i o H OF HEAD CjoOLEC ** 2 . 

MEcwanicAL Hold DoiArt To SEAL seams removed- 
• At>H€SKf6 ST\LL TACKY AFTER LOW TEMPERATURE 
(AMfciENT) eV«RHl€iMT CORE.- Do NOT UNDER CTkND 
UoH-CLURING. — PERHAPS THE APPLICATION vUAS tUicLeR 
THAN Normal toe to swaging adf\ES>»V£ om seams. 

CRePCri^G STfi-oNG AMD NEAT .. SEAMS IS 
CAlRRENT FRoELEM AREA. 


0 T!tr-'f_ nr.nt jr 

C ' ' 



THURSDAY \0 MAY 1977 


J6U4 SEAMS OF MO. 3 V*EAU COOLE.E. 

USE. UoRD&AK 25-96 MIXED 4.kS &SW 

4. fe.5 < $rr\ 

(.Mixta ey \mt} tot. 9.3 <^>n 

Mo 7 )IlUek>T used 

VACUUM 6A<SGED GARMENT ON HCAD MOLD 
\aJITH LMEX SWEET 

ACCELERATED CURE -USED — Z HU 3 AT 150°F ik> E06.R 
mat'll lab> ov/ck) 


R§SulT 3 i 

SooD APPEARANCE - NEAT, FLAT 

Poop- PS6L STRENGTH ~ SEAMS ^PAftATF EASILY, 
ADM6SI76 CUF6.D ftUT MA©£ WEAK BOND. 


Analysis : 

T<iE SSAM AREA VJAS CLEANED iMTW TOLOeNe 
AND PERHAPS "THE. EPOXY vJAS aPPUDO "too 
soou mefteAPTee. 

Tt+6 ORIGINAL EAGGlNG ( BLEED CLOTH) C^ATIOG 
A VMAFFUMG OF THE FILM WHICH 
f2EDUC.ES TUE ADWESNE AREA , W W6N 
JOINING TW€ SCAMS. 

LA TSX euB&GR. HAS /A RELEASE A<S£aJT 
/MTSG&AL MTH THE 6ASS mat’l WHICH 
MEG Ares THE ADHESIVE. 
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K AOWDAV 14 MAK \977 


PREPARE FLAT PATTEfcM Fo'k MEAD COOLER *4 
USE. 3 MIL TF410 Film 

*D6.CKEAS6D \MiTW FULL- STR6KJGTM TOUJEWE 

THERMO FORM ED TUEJUG -l O F66T LENGTH - 

- £ HftS AT 250 °F - 


TUESDAY IS MAR. 1977 

MIXED MORDBAK 50-35 ADHESIVE 5 ML Resiu 

5 ML HARDENER 
(mvxFo bv Vou)Me) \0 Ml T<ot_Oe.HE 

ADHESH/6 SPRAYED THEM DAOBfeED ^ITH "gtMVWC.” 
To EVEM OUT AD4ESIV/E AMD PE Move EXCESS. 


THERMO FORMED TUBING CLEANED MiTH ToluEmE 
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WEDNESDAY 16 Y\AR 1917 

FABRICATED HEAD COOLER *4 

USE. ACCELERATED CURE - 25oT FOR 4S mik). 
(e»j<&r MATLS LAB. oven) 


Results: nowunal FEEL STRENGTH 

THE 3 mil FILM SEEMS TO 6E A FACTOR. 
LAYUP IS SERVICEABLE IF EDGES CAM &£ 
EFFECTIVELY sealed. 

WANGLES IN FILM - ONE vJRiNCLE va)AS 
S.EVERE ENOUGH TO FiNCH THE TUB IMG. 
TUBE .FLOW CROSS- SECT i o N REDUCED > 0 1 0 . 

GOOD ELASTICITY 
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UokVDA'V 


2& MAG i9~n 


mare: lap seams 

Oset l. Vioc>D HEAD Mold 

2. t^or<AWc 50-95 ADHESIVE 

2.5 Mil RESIM 
2.5 Mil HaroemgR, 

Ho "DILUENT 

3. LATEX SHEET -vacuum ba<s 

4. (Lueess cloth -bleed cloth 

5. t^o. 3 Mead Cooler flat pattern 

£>. Accelerated clore zso°f foe. 4s mim. 


Results : 

SEAM oT£ 6 M< 3 TH -O^t-Y HoMIMAL , CAM BE 

T^ElED apart 

SEAM APPEARANCE - wJfctMGLEs , \F ADHESNE fcoOD 

WAS ^ETTEfL T^e 
APPEAL AWOES v 0 0uL D ?*SS 


A 0 alvsi*s : 

XT APPEARS THAT THE ADHESIVE TECHUtQOE »S 
r to adequate 


A-23 



TUESDAY 19 APE. 1977 


FA&RiC^TtOO oF REPteCEOTATJ'Je SWrrL€. LC <3 

I ^ I <» I, M - 

cpe^\f \CatioO: ^ op. k Xt* »* t> - ^ ‘SP&od'b 


DCF TofctU<o FP.ova TToO" 

LfSE 5 TF4IO *POLVO£E'" r W AHE Film FoP-x seF^FArtot-^C 


<T tEALED THE. FlUA AT 
Ttt\S \AJ\U_ CdEAi TE- A T cCT 



sPac<hg 


element w 


Fotf 

11 M." 


3U TObES 
WIPE. 


p-JEO-ASED MUkHA~OR& FiT~r'ii<3& to CONNECT THE 3C* 
TOfcEI, To MfvHiFOLD". 



ORIGINAL PACE B 
OF POOR Q TY 
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WEDNESDAY 20 APR 1977 


FA6>R.ICA t I 0/0 oF PE PRESENT ATWE SHUTTLE UZ<S 


UOT 3(» LENGTHS OF TOBINS 1& |N. L0N6. 

MADE 7 - *£ W \AJ\DE. PoLYORETHANE STRIP* 
HEAT SEALED AT S/h^, |H. tNToRv/ALS. 


threaded the thro s of the 

film strips. 


TVAERYVoFoRMED A ?>ERPENTINB TO^E For 
THE VOOa>HT TEST ELEMENT. 

£>ERPe« 0 T\Nl TO BE e.LEAM6D \N‘.TH ToU)£fc)£ . 
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TUESDAY 22. APR. 1977 


HEAT SEALING SEAMS OM HEAL COOLER 5 **“4- 

Sef. imfo. hlad cooler 

3 MIL. TF4lO FILM (Z LAYERS) 
MP l^So *TUB»K><n .10 g/.07 M 
WO WIRE MESH 
MoRDBAK So- 93 ADHESIVE 


EXPERIMENTED WITH HANO-HELD HEAT SEALER 



THE PRoPEG. PRESSURE (THUS WEAt) WILL SEAL 
THE SM\L FILM BUT WILL ALSO MELT THRO 

the film, the ueat sealer is ns WATT AMD 
HAS A K.MURLED WHEEL. 


SEAMS ARE STROPS ALTHOUGH I BURNED TAROOCH 
THE BASE MATERIAL JM SEVERAL PLACES. 



W EDMESDAY 4 MAY 19*77 


☆ 

PREPARATION FOR FAE>RACAT\0»^ OF VOOGHT DESIGM 
AW. LOG TEST EL6.KAG.MT 


CUt silver (s Ags-Vo flat) wire kaesh to ^iee. 

GLEAMED TH-e TWO PIECES OF VOtRE KAESH 
VJITVA TOL'JEME. 


Cut mil tf4io film f or test element. 

TAPED FILM TO CARDBOARD AMD C LEADED 

%otk\ pieces w/ith tolueme 



CUT AMD SEGAtO TO MOUMT 

ok) cardboard Pat terms for 
PE ad cooler Flat patteRm. 


M\L TF 410 
Mo. 5 


PL AM To FABRICATE Mb. 5 UEAD COOLER AMD 

TEST ELEMEMT FRoM A SlMGLE 50 -95 ADMESWE 
MUX. 
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THURSDAY 5 MAY 1977 

MIX NOfcD&AK 50-93 ADHESIVE 

I O Mi- R£SlN 

IO ML HkRD£NCR, 

10 ML DlUU&MT (TOLOEtOe) 

i? 

ADV. LCG TEST element 

SPRAYED THE MIL TF4-10 FILM AND VO IRE 

MESH WITH ADHESIVE - DAUBED ADHESIVE 

TO IMPROVE DISTRIBUTION ON FILM - SPRAYED 

items allowed to out GAS OVERNIGHT. 



Plad Cooler flat pattern * 5 

FINISHED MOUNTING 1 *1 SAIL TF4lo FILM 
ON CARDBOARD PATTERNS 

COT WIRE IME-SH PER PATTERN BELOVO 



SPRAY GD THE FILM (BUT DOT THE WIRE) W'TH 
ADHESIVE ADD DAUBED ADHESIVE To IMPROVE 
DISTRIBUTION. ALLOWED THE AD HE S 'YE TO 
OOTGAS OVER m\GRT. 
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FRID/\Y 

☆ 

AbV. 


6 MAY 1977 

LC6 TEST ELEMENT 


Assembled the test element as -described 

BELOW 

MP-iaa>o Tue>iu6 (^rics) 

~ 000 6 6 ~ or 

— 3 ka 5-2/0 Fl-AT VA£'5H U) 

* sr 

N - 1.5 »AIL TF 41 C) F\ 1 _M ( 2 .) 

USE ACCE LEGATED CORE OF 45 mum. At 25oT 
FOR THE. NoRDBAK 50-95 ADHESIVE. 


RE SO LTS J (Soot) ELAST IC\TY AND PEE L STRE (OCT H ... 



HEAL COOLER. No. 5 

ASSEMBLED THE HEAL COOLER PLAT PATTERN 
SAK/\E CONSTRUCTION LAYUP AS USED FOR THE 
ALV. ICC TEST ELEMENT. 

USED ACCELERATED CURE OF 4S WIN. AT 250 °F 
Pop. THE NORDBAK. 50-93 ADHESIVE. 

Results : good elasticity and Peel strength... 
seRPEfVnuE tubing lid not get 
Positioned exactly as desired. 
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MONDAY 9 MAY 1977 


ALV. LCGi TEST ELEMENT (PARALLEL FLOw) 


PREPARED ADD “DECREASED i'i MIL TF4JO FILM 
AND SILVER WIRE MESH 



TEST ELEMENT Will REQUIRE THE USE OF 
THE MINIATURE PARSED FITTINGS AML Aid 
manifolds Purchased originally for 

THE REPRESENTATIVE SHUTTLE ' .C<o TEST 

Element. 


lot ELEVEN LENGTHS OF T'ObiNQ AND CLEANED 
them voith "toluene 

TU^iNCS IS .\C>k O.D. Y ,cn x U X Is"loNC. 
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TUESDAY >o may 


AU/. LC<£ TEST ELEMENT 6 >ARAllE\_ Puo 4 
MIXED UOfcDbAK SO-Q 3 ADHESIVE. 

S ML RfcSlNi 

5 ml HARDENER 
1 ML Dlt-UEUT CT©LOE>aE) 


^feAt'ED FILM AKit> \MlRE tAESH vUrn-\ 
ADV\ES|V£. DAUBED M5HESIVE ON FILM 
" kUMvVlPE" To IMPROVE ADHESIVE 
DI&TRIBOT1 Ou, 


ALLoVJED sprayed items to outgas tolueme 
OVERk)IGHT 
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WEDNESDAY 


1 \ MAY l9“71 


ADV. LCG TEST ELEMENT (PARALLEL Flow) 
ASSEMBLED FILM, WIRE MESH , AMD TUBiKXa 


O 


O 


O 


O 


O 


TP4IO <2) 
z*-3A$S-*/° (Z) 

J+—KnP- /S 3 o 


£>L££0 C LOTr\ 

— Ac . fit ATS 


VACUUM £>A.G<bCD AND THERMAL CURED 
ADHESIVE AT 2So °F FoR 4S min. 

Allowed Td&ing to ProtroOe from vacuum bag 
TO QEDUC6 TUBE CjOLLASRING. TUBING 

cqluasPED Partially outside of twe 

WiRt KiESH COVERAGE. 

HYPOTHESIS*. THE TOEING IS HEATED &Y 
THE ALUMINUM ft AC KING PlAtE AND 

SO bSE QOEi VT LY CollASPES UNDER 
VACUUM CONDITIONS. 

THE ALUMINUM PLATE WAS ADDED TO CREATE 
A FLAT SIDE ON THE TEST ELEMENT. THE 
flat side should '.mfrovc element 
contact with the convex Aluminum Plate 
During the test. 
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WEDNESDAY IS MAV 1977 


HEAD COOLER NO. 5 

USED WAfOU-MELD "sEALINe” HEAT SEALED 
TO NAAKE. SEAIAS. 

SEAM’S? ARE STRoNGi bOT bURN-THROOGH OCCURS E.D 
no several places. 
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VvlECDEEbAV a joUE 1977 


VREPARATIOMS Fo£ fOO. (o & ! HEAb COOLER. 
FLAT PATTEEtO - 



FLAT PATTERN) 5 
TOGETHER fcv 


K)0. 6 & 7 WILL EE StWKj 
AL TAILOR. 


EEFPEt nu^P. TUE>E WJAS THERM jFOkHtD AT 
'iSoT FOR 2 FOURS. CLEANED WITH TOLUENE 

ATTACH \.S M\L TF41Q FILM TO OA PbEOAPD 
S\-Z\HG 'PATTERN). T)E<o REASE FilM WiTH 
TOUOEi iE. 

CUT o A<3 5 - 2/o METAL MESH SWATCHES. 
DECREASE MESH SFRAYlkO, SWATCHES 

WITH TOLUEME. 
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THURSDAY S JOME 1977 


Head (Looler ho. g & i 


MUX, MoRDBAK 50-95 ADHESWE. 


1C 

WV- 


IO 

M L 

HARDEMER 

15 

ML 

DILUEHT (TOLOEHEj 


SPRAYED ADHESWE OH FILM AMD DAUBED 
THE ADHESIVE WITH A KIMWNPE To \N/VP£oVE 
DISTRIBUTION!. 

HO ADHESIVE APPLIED To metal MESH 
SWATCHES. 

ADHESIVE APPLIED To FILM vOAS ALLOWED 
To oor<^As over might. 
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FEl£)AY 10 JOM£ 1977 


HEAD CooLER Mo. <L & 7 


ASSE na^UED LAY OP AS DS SCRIBE 


A^WESlVE 






1.5 MU- TF440 FlU/l 
3 5 - 27 © MESH 

MP l&ftO T 08 »lM <3 
3 Aqj E - 2 /© 

i*S mil TF4-IO Film 


VACUUM BACjGEO IM MYLAR. 

ACCBLE RATED CURE. FoR ADHESIVE USED. 
(260 °r Poe. 4*5 Mi4.) 


Results: 

GooL &LASTIOTY IM , MiUlhAAL 
Elasticity in lwd. 


GjOoD ADHESIOM AMD PEEL STRENGTH. 


SEAMS WILL. EE MADE BY SEWIMG. COMF £T 
LlMEk INTEGRATED IN GARMENT DORlMG 
S E'fJ i M<3> o?LR AT io4 . 



FRIDAY 17 JOM£ 1977 


Comfort umer f or head cooler no. g 
sew l MG bOME AT : 

A-l TRIM, & UPHOLSTERY 
LI HER LAAT'L IS IOO °? 0 GOTTOK) T-SHIRT (&LOe). 

technique - 




SEAMS STITCHED WITH ExT6£loR 
SIDES FACING. AFTER tSEWlMG 
LINER IS P&VEfcSED. 


SPRING CUPS HOLC S*=Ak\S 
To&tTHee for . seirJiuc 

All THREE components (nouee uner, flat pattern 
8 k OLTER limep) ST\TC.HEb BY hatched- edge 
LAPPING THEN REVELS D 
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SATURDAY id JOME, 1917 


COMFORT LINER FOR HEAD COOLER NJo. 5 

SE\N IMG DOME AT : 

Home 

LINER MAT r L IS " STRETCH & SEW " SYNTHETIC 
MATERIAL. ''LYCRA" 


HEAD COOLER ^5 FLAT PATTERN HAS SEAMS 
MADE BY HEAT DEALING, 


TECHNIQUE - 



EXTE-RIOR SOR.FA.ce 



• MStDE 


STRAIGHT "PMOS LOUD seaans 
TOGETHER. POR SEWlKiG 

SEIMS STITCHED WITH OWE EDGE. FOLDED 
I WTO THE E>E AhA. 
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TU6SDAV 21 40UE. 1977 


FABRICATE H6.A& COOLER FLAT PATTERNS 
I^V>AB£RS> S & 9 


C.UT I.S MIC TFAIO ?OLYk)R£THAKi€ Film FRoM 
supply Poll. An*D TAPED Film oVSR 

CARDBoARD PATTERN, CLEANED PiLKA WiTH 
TOlOEME AlOD LET SET to ootCiAS FoR 
(0 HRS. 

THEPMIOFoRNTEQ SERFEKiTme TU^E r 0 R 

Both HEAD COOLERS. 

COT 5 Ag. 5-2/o W)RE MESH FoG TWO LAYERS 
OF MESH Ik) EACH COOLER. 


- KAlXED NoRdBAK 50-93 ADHESIVE 


IO 

NAL 

RESlN 

10 

ML 

H/\PDEH£R 

15 

ML 

DILUENT (TouOENE) 


sprayed 4 Pieces of film with adhesive, 
daubed adhesive WITH KIM WIPE TO IMPROVE 
Distribution*. 

let ADHESW/E OUT<5jAS oVERNlCaHT, 
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WEDNESDAY 22 HUHE 1977 


FABRICATE HEAD COOLER. FlAt PATT6.RHS 
HOS. & & 9 


USED ACCELERATED THERMAL CORE OF 

2S0 °F R>£ 4 S-4>o V/uH. FqR AfcHeSNE. 


results : 

GooD Elasticity (s\aid) 
GOOD PEEL STRENGTH 


HEAD Cooler Mo. a cerPEiTtiioe TobE saiac 

AC PREYtOUC Four g armelmts,. CEE HOTeS 
DATED a JO HE |9TT 

Head cooler ho. 9 has approx imatelY 
Tv\jo times naore thah head 

Cooler Ho. 6. (SEE DIAGRAM EEuovo) 



U • ...i_ K '.' c f 

of fj:.{ quality 
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Monday 24 October. Rn 


FABRICATE TEMPERATURE- CONTROL. caRment** from 
PATTERNS RECEIVED FROM NASA -AMES 


THERMoFoRm TUNING — 

USE .07 "m x .tOk"op. ’PouYORE.THAKIE TOftiNG 
TAPE TofyNG LENGTH (.~\1 F£.£T^ To AN AUJKMNUM 

sheet »n serpentine pat a for theRmoFoRming 

TFtR.M\oFoR M At Z5o°F Poo. C*>0 MIN. 


TAPED tK. MVL TF4lo PouYORETAANiS FILM CVER 

CaRD&oARO PATTERNS FoR. ADHES'VE APPUCATloM 
AW'D GARMENT law OP 


cot sa^5‘2/o flattened metal mesh segments for 

NEo NATAL Cq ARM ENT. 



<£fcPevrnu& 

T0fyU6 (TVP 
fcT, u&. & \J. Kb!) 

^SGments (tyP. 
fcr. hO t 4 or . wo & 

fcOTH S\D5?> ©PTgfc>lUC^ 


O | 

I 

O I 
I 

O 1 
I 

O I 
I 

O I 
I 

0 I 

1^1 Wu TP4.iO FILM 
3 Auj5-7/o NAesvA 
piV.IOfe" -TUBI^Ca 
5Ag5>-Z/o KA£^t-\ 

I K TF 4 .IO FU*A 



A-Ul 



MOMDAT 24 OCTOSE.£ 1917 ((LoiOT't)) 

KA\>CED KioRD £>a<- SO- 4* ADHESIVE 

2.0 ML- ResiH 

20 ML HARDEME.R 

2 O ML TMLOEHT CTOLOerO^) 

sprayed f\lka taped over cardboard pattec. ms 

DAObED ADHESIV/E WJiTH V^\M\A/tpG TO IMPROVED 
Dt STRl^QTloH 

ALLOWED SPRAYED COMPon EMTS to Out<qAS over WUoAT 
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TUESDAY 


ZS OCTOBER 1917 


ASSEMBLED f^EQMATAL. <2,ARM£MT GoMPOME-NTS AMO 
V A CO J M B AGG E.D . 

U^eo AdGL.6P.AreD thermal doPe pop- adhesive 

250 °F FoR 9o M110. 


DOT ^A<j5'2/o na^TAl MtSU seGM^WTS FoP 
BEOMATAL GAA^eMT 


REMOV/EO U&OMATAL GA<LMGn)T FROM AuToCLAVE. EASGiMG 

material STOCK To 0M6 SIDE OP <SAR.M&nIT 


ASSEMBLED 2EOMATAL Cj#\RM£MT ComPoMEMTS AMO 

\/ACOOM &A^eD. USED BuGED C_l_C''B OM BoTH S.OGS 
OF GAftMt MT. 

USED AC_££LeRATeC' THERMAL CORE OM 6£OrOATAi_ 
G-ARMGMT . (2S>°F 9o M<w.) 

REMcWED BEOMATAL GA RM£ UT FRoM AOToCLAv/C. 
t^o SUCKING PROBLEM. 


8BGAM CLtA^lR»G MGomATAL GARMeMT, STICKING oP 
VACUUM BAG MATGR1AL AMD 5U6SEQ0EK>T REMOVAL 
C.AOSEO THG GAR.M6MT FILM To SEPARATE IM SOME 
ARe AS. PARTICULAR PRoBLEM vJAS OBSERVED AT 
tube/ Film filet, tue pr< maRy damaged area 

IS 0(0 £ SHoOLDER/aRM. we M&TAL :• A£5H IS iMTfVCT 
AMD TAG THERMAL DEGRADATION^ SHOULD BE 
MINIMAL. 



APPENDIX E> 

PRODUCTION COST ANALSI5 
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E*T!MQTE 6F PRODUCT I ObJ COSTS /UNIT 

Mead coolgd 


F ABDICATION ST BPS: 


hrs 


/. CUT POLY UR. E THANE FILM FROM SUPPLY POLL .5 

2. taps film over cardboard pattern (2) .5 

3. clean Film with toluene .25 

( ET DRY FOR 4- HRS MuJlMUNl) 

4 . THERMOFORM serpentine TURING 

2. tape tubing to plate in shape desired .5 

b. AUTOCLAVE FOR 90 MlU. AT ZSo°F 

C. REMOVE TUBING ANO CLEAN WITH TOLUENE .5 

d Clean plate with toluene .15 

5. CUT metal MESH to PROPER size and clean IS 

6 . mix adhesive. Dilute with toluene .zs 

7 . SPRAY ADHESIVE ON FILM AND DAUB .5 

(ALLOW 12. HRS FOR ADHESIVE TO OUTGAs) 

3. prepare vacuum bag (use mylar) .zs 

9. LAYUP flat pattern IN YACtVM bag .5 

to. thermal core flat pattern (go nun. m zso°f) - 

//. Remove flat pattern from vacuum bag .5 

12. Cut out comfort uners zs 


6.25 * 


13. STITCH FLAT PATTERN and COMFORT LINERS I 

/ 4 . Sew comfort liners and flat pattern 

Together j 


% 


50.00 


* time TO FAB. Cw'c head COOLER 
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E ST/MATE OF MATERIAL COSTS 


hit AD COOLER. fao UNITS TOTAL ) 

MATERIAL REQUIRED cost 

/. TF410 polyurethane film (/^ *»«..) 4 /5 

(to -5Q. K£>.) 

Z 3 Aa 5- z/o flattened metal mesh 240 

C 3 c, s<,. FT.) 

3. MP-/&80 PbL Y(Jg£ THAME TOB/NG IQ 

Cr 2 FT.) 

4. A/ORD&A* 50-93 ADHESIVE 45 

( % GAL ZES/M f fa GAL. HARDEN&i) 

5. COMFORT LINER toO 

( LYCRA MATERIAL) (to SQ. Yo.) 

to. JET -PAH SPRAY KIT 4 

7. PLASTIC 3AR&ED TUBING NIPPLES IZ 

*394 
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PRoOOCTtObJ COST AAJALY'SIS 
f-lEAO COOLER RATTED 



ORIGINAL PAGE IS 
OF POOR QUALITY 



estimate of production costs /unit 
HEAD /VEST COOLER 


FABRICATION STEPS : HRS 

/. cot Polyurethane film from supply roll .5 

2 tape film over cardboard patterns ( 4 ) 1,0 

3. Clean film with toluene .5 

( LET DRY FOR 4 HRS. MiNimOm) 

4 THERMO FORM SERPENTINE TUBiNg 

a. TAPE TUBING To PLATE IN SHAPE DESIRED 1.0 

b. AUTOCLAVE FOR 90 MfN. AT 2SO*F 

C. REMOVE, TUBING AND CLEAN WITH TOLUENE 1.0 

d. CLEAN PLATE WITH TOLUENE .5 

5. CUT METAL MESH TO PRoPER SIZE AND CLEAN 2.0 

6. MlX adhesive. DILUTE WITH TOLUENE .t 5 

7. SPRAY ADHESIVE ON FILM AND DAUB 1.0 

(allow n HR5 min. foe adhesive to outers) 

S, PREPARE vacuum bags (use mylar) .5 

9. LAYUP FLAT PATTERNS IN VACUUM BAG S 1.0 

fO. THERMAL CURE FLAT PATTERNS for GoMiN. At ZSO*F 

II. Remove flat patterns from vacuum bags .5 

tZ. cut out comfort liners .5 

13. CONNECT TUBING MANIFOLD .25 


IO.S * 

14. stitch Flat Pattern and comfort 

15, Sen comfort liners ano flat pattern 

toge i her 

Ho. ATTACH VELCRO FASTENERS (SEW) 


LINERS 


700.00 


-FT/ ME To FAB. ONE HEAD / VEST COOLER 
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ESTIMATE OF MATee/AL COSTS 


tie AD /vest coo tee (<o units total ) 

MAreeiAL KeQu/eeo cost 

/. TF4fO POLYURETHANE FILM (/<k Mtt) * 38 

(/S sq. yd. ) 

2. 3 Aj 5 -2/o Flattened metal mesh 555 

( 120 SQ. FT. ) 

3 . MP-I&&O POLYURETHANE TUBM6 108 

( 432 FT ) 

4. NO KODAK 50-93 ADHESIVE 96 

( !<i GAL . R6S/N, '/l GAL. HARDENER) 

5. Comfort uner 

( LYCRA material) ( 15 Sq.yd.) /50 

6 . J&T-PAK SPRAY KIT 4 

7 Plastic barbed tyb/ng nipples /2 - 

* 9/2 
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TIM ATS OF PRODUCTION COSTS / UN (T 


FULL DoDr / HEAD CO oLER 

fabrication} ttcps : hrs 

/. Cot Polyurethane film from supply roll .5 

Z. TAPs FILM OVER CARDBOARD PATTERN} S (Q>) 1.5 

3 . CLEAN FILM WITH TOLUENE 1.0 

(let DRY For 4 - HRS. minimum) 

4 - TUEFMoFORM SERPENTINE TUBING 

3. TAPE TUBING To PLATe. IN SHAPE DESIRED Z.O 

b. AUTOCLAVE For 9 OMiN. AT 250 °F - 

C. REMOVE TUBING AND CLEAN NITN TOLUENE Z.O 

d. CLEAN PLATE NiTH TOLUENE 1.0 

5, CUT METAL MESH TO PROPER SIZE AND CLEAN 4.0 

L, mix adhesive. Dilute with toluene .5 

1. SPRAT ADHESIVE OF FILM AND DAUB Z.O 

l ALLOW IZ HRS FOR ADHESIVE TO OUTGAs) 

3. Prepare vacuum bag (use mylar) .8 

9 . layup Flat patterns in vacuum bags i.S 

!0, thermal cure Flat pattern (bo nun. at zso'f) 

//, Remove flat pattern from vacuum sag l.o 

it. Cut out comfort liners i.o 

/3, connect -tubing manifold $ 


/ 9.3 * 

14, stitch flat Pattern And comfort liners^) 
is. gen comfort liners and flat pattern ( 

together [ , 150.00 

il. attach velcro fasteners (gen) J 


* TIME To FAB. ONE FULL BODY / HE AO COOLER 
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£s 'Ti^tflrre of MiAreiciFL Costs 

full body / fsad cools*. (<> omits total) 


material eaQuueeo cost 

/. tf4(o PotYoeernAMe film (Ik mil) * 75 

( 30 sq. ro.) 

e. 3 5-2/o FLATTENED METAL MESA 10 6 3 

(25Z 3<*. Ft) 

3 , MP-I8SO FbLYUeeTHAME 7VBIIJG Z&b 

( //52 Fr. ) 

4, A JoRDBAK 50- 93 ADHESIVE 45 

( ^ <3F£. (ZestM, % UAL. HAFDEMEtl) 

5, comfort l/mgr 300 

( LYCRA material) (3o sq.yo) 

(o, JST-PAK SPRAY KIT 4 

7. Plastic barbed tob/mg Apples 48 


* /843 
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PPOQUCT/O/J COST ANALYSIS 
Lot/ez Body cooler pattern 



APPENDIX C 


THERMAL COMPARISON TEST 





THECMOCOuPLES (3) oo 



M/VtV *. V4* * 14* )C 1C." ALOMIMUM PLATe 

biMEfJsiofOM. ToteRAncE ; ± o-i" 


FIGURE Z -PL/XTE CONSTRUCTION 8. INSTRUMENT ATIOO 



S^uacc* 


FIGURE' * 3 - TEST ARTICLE (USUlATlON REQUIREMENT 


OF POOH 


\ i .uu 

QUA! n « 
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TEST ARTICLE. DESCRIPTION 


FL&XITHERM : 

rtBAT TSAAjSf€e AH6A = 7S. 75 in .* 
FtOM/ «4S3*6£ SPAC/*J<h fe OJO in. 


SHUTTLE " REPRESENTATIVE ": 

HEAT 7&ANSFEA f\££A * 429.69 /V). 2 - 

TO&lMG S/Be - l/fo” I.O.X Y&" O.Q X I3*lo*4C 9 

To&e SPAC/MG « 

A /OUiBG/Z OF TUBES — 36 

A/1ANIF0LQ TUBS S/Z£ = ^*-.04%* HALL 


TUBE/ FIN : 

Heat teams fe P aeea = 105.70 in*" 

TUB/MK* S/££ - .010" I.D. x J0b"0,D, X ia" CoNG. 

T(/ae SPAC/M6 - 0*39 in. 

MOAOBEH OF Tl/Bes - // 

MAM/FOLO rose S/ge » V®>°- - .0*9%0*6t 





2 

§ 

u 

«0 

K 


s 


s 

o 

u: 


I 


u» # «* n < « *: . . *^ * 

rfv *»*- C i t C ^ r •*'^« r 

C fc1 

„ i ? S * “ ? “ • *. * 5 » : « «: 1 - - * 5 A 

*t«$8S*3'* S ** SS; ‘* aS5i * 


-o « o m (« 
|5 S’^Qrr “ < - 


1 - 


♦ _ *? r- °. 0 . m O j — ( 

Rj-SssisspaR^j^sass?®, 

! : ’ * S • •■ . j 

i M*4 - ** r- — ^ ^ .*pjo ^ p* <h r> f. a 


i » 


» I 
1 t 


* I 


: t 

1 : 

* ! 
t i 


1 l 


i ! i 


• I 


l i 


I f 
i r 


!«a C«T-0— *4^ O - If 

L | « o ^ n m ? j v ?. “".^^*® r .*!'’. * 
I Ojfll « j r l 1 ’ p tn 

lyx {fii’Ot r ; 



OK‘G.’ ‘Ki- ^ r “ 

QF poos qo;! ’ T ‘ 


C-b 



a 

k 

w 

n 

8 

U) 

P? 

i 

£ 

5 
* 
*u 

6 
* 

«S 


x o' o s 9 0 0 ° 0 ® S o 2 3 S 0 S 0 ° S ^ ^ ^ ' 3 ^ 

l^SS???f!!a«f5!«5?ii«e?Hs;s^tf ' 

* 1 ' * ^ O *» « Jt ^ * 

|85S2^35S3a§3SSS3a^;5^23S5-» 

i j ! : • i • I ; : • 1 • ■ 1 ! ■ ■ • 

fer.9^ ****«***+*+* 4*£**£**Vs*t 

= |!i- !;•;•: -•:*■ ! i • J * * 1 ■; 

* sssgpSsi^sssssssgPtsslsfcilSi 4 

| i : ' ‘ | 1 • - :;.!:■ ! • I • i ; ; j j 

1! i i , | • ! | j j j 



PomSm 

§RSSS?“« 


** C K I* IO " <■ O 5 ® J A -A *» a 4 

Ssi. *:;;S*5 £*££*:! sssSs. 2 , 

*.*.'■' . * ' *.*.**!*.*..* j i « . 

?ajo y* 3 in e 5«> 5., ;; b ^« «-S^5552S2?^ 0 2 a 

i I zS8Slg5*'»5lPS5S -»■*“! 

? ‘siSP?Srf = 5-5«£2*^?5SS2?3S22!:«i‘. 

§ S5SS3J55KSS«555:SKS55aSS«tt^5sl v 


i { ; | I i • t » ••'*••;•••■ I • 1 * • j * ; ■ 

w * ^U> U - O -*.f ^ 

^ ^ ^ ^ 4* W 4 •# Jfe 
*>»>**+* »*i *o 9 > *i fi 


"J j i i : i j ; ' i I ■ : I i I 1 * • ! 1 t i i j : j i ; i 

-'^ OO0OO OOOOOOOooO oo *>9» W»*0 \rtV»U) vivilo 1 

^"i"t"~iT| V. : ; . : i t « i” . ' !l ' 1 


- i 


; ■ { , ; . ; i 1 i 

SSiz- *«e* ^ ^ ^ ^ 


) 

* \ ■ 1 ) ’ 

►. «9 - * m * r *■“ fL*> ** «“ *• £ fi ^ *• £* $ to • •? t? & * * 
Siow» *oon ^.^r. 

<r o o o ^ w - - — ii «* — <> 

— , , s 


u> 

J 

K 

I 

•* 


5 

*- 

* 

* 

<* 

6 


* ,i;,i| ! IUI ; !!v^ : vii l! 

1 >~~*" i »TT — — fc— *- • 

I 


t? 

?# 


Ik‘ 

•£ 

Ml 

0 


j.;i 

! , 


! I 

* i 


I t j ■ * M 

,: U ' 1 ; 


• ! ! : 1 1 • 


0* 
\ * 

} » 
# 




■ » ■ * t 


I ; 


i 

! : 


<S 


’ I « 

■il 

f ‘ ( 

* * < 


^ : . 


y r r — h+- * »» • 

1 % • i i • I • > S • •: : ; i 

i • f • ! i * 1 > » * * i . 

I | l i : . 1 - 


t I 

tM rt i 


s 

;s 

I 

8 

: 


i : ' I 


• 1 

: i • ■ i 1 • * i i 

1 

1 

; : i , i ; i : ’ 


1 

i ; 1 i 1 


* 

• 1 


‘ 

f ’ 1 1 

1 ; : 1 i 

! 


I * W’ '»!*»• 

, (HtjNNH 

• : } i ’ • 

: • n ■ 


i • 
i i 


i ! 


C-7 



LCCr TEST DATA 
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DETee/w /nation of Hbatbb. poner input psp re st point 
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